Reference and type strains of well-known bacteria have been a cornerstone of microbiology The sharing of bacterial reference or type strains among laboratories is a fundamental part of Not all reference strains are equal 2 3 0
Since its deposition at the NCTC there have been two main dissemination hubs of NCTC 2 3 1 11168. Ten of the 23 isolates we collected were obtained by contributing laboratories directly 2 3 2 from the NCTC collection, while 13 isolates had come via another laboratory (Figure 1) .
DNA was extracted from each isolate, sequenced, and the genome was assembled ( Table   2 3 4 S1). All 23 isolates clustered closely in the host-generalist ST-21 lineage when compared on 11168 isolates were observed on a recombination-free phylogeny constructed using and as many as 281 SNP differences were observed (up to 15 genes) among collected 2 4 2 laboratory strains and the reference ( Figure 2C ; Table 1 ). Although, in 21 of 23 isolates 2 4 3 (91%) there were 32 or fewer SNP differences compared to the reference (Table 1) . There was an average of 29 SNP differences between the laboratory strains and the reference, and 2 4 5
fewest SNPs in any comparison was eight SNP differences (in five genes). Under ideal storage conditions we might not expect to see any evidence of recent 2 4 8 recombination in the laboratory reference strains. Nevertheless, we estimated the number of 2 4 9 mutations and recombination events using Gubbins. In total, 436 of the 632 SNPs (69%) we 2 5 0 identified were found within protein coding regions, of which 83 were synonymous 2 5 1 mutations (19%; involved in the addition of pseuaminic/legionaminic acid to C. jejuni flagellins [32, 77, 78] . genome is prone to recombination and has shown a high level of diversity and is often 2 6 0 1 1 implicated in bacterial virulence [34, 35, 37, [79] [80] [81] [82] . Isolate 17 was hyper-motile and also 2 6 1 among the most invasive isolates when tested against chicken cell lines, but invaded human 2 6 2 cell lines poorly ( Adequate flagella construction is an important virulence factor as, in addition to motility, isolates have been shown previously to contribute to increased invasion and virulence, tested at 37°C and 42°C, with all growing to a higher optical density at avian body 2 9 3 temperature (42°C) (Figure 3D) . Isolate 15 grew particularly poorly at 37°C. We identified 2 9 4
the OXA-61 gene in the majority of isolates, but only two were resistant to ampicillin, 2 9 5 according to CLSI guidelines (Isolates 3 and 8; Table 2 ; Figure 3E ) [98] . The role of model strains in an age of population genomics 2 9 8
In most cases (21 of 23 isolates; 91%) we observed fewer than 32 SNPs among the laboratory 2 9 9
isolate and the type strain deposited in the NCTC archive. However, even these minor
changes are associated with observable phenotype differences (motility and invasion as seen Advances in sequencing technology are helping us study genomes variation in greater depth 3 1 7
and long read sequencing of isolate 2 identified large inversions (>90,000 bp) compared to 3 1 8 the original finished genome (Table S1 ). In conclusion, the genotypic and phenotypic differences among NCTC 11168 strains in this laboratories to maintain isolate collections with detailed records and good culture practices.
2 3
This essentially reaffirms the work of microbiology pioneers who developed practices to 3 2 4 1 3 minimise variation between strains and laboratories. However, in the genomics era, it may 3 2 5 also be prudent to sequence strains more routinely, particularly as the costs continue to 3 2 6 decline. While the interpretation of experiments using reference type strains may be adapting 3 2 7
to more detailed genomic data and improved understanding of genome evolution, the strains comparative genomics and statistical genetics studies typically lies in the ability to identify 3 3 0 genes or genetic variation that confers putative functional differences to the bacterium. Formal analysis: BP, LKW, JKC, MDH, MD and JR. Writing: BP, LKW and SKS. All authors contributed and approved the final manuscript. preparation or the decision to publish. All high performance computing was performed on MRC CLIMB, funded by the Medical l  i  o  g  r  a  p  h  y   3  6  7   1  .  P  a  s  c  o  e  B  ,  W  i  l  l  i  a  m  s  L  K  ,  C  a  l  l  a  n  d  J  K  ,  M  é  r  i  c  G  ,  H  i  t  c  h  i  n  g  s  M  D  ,  D  y  e  r  M  ,  R  y  d  e  r  J  ,  A  l  l  e  n  E  ,  V  i  d  a  l  A  ,  3  6  8  F  e  a  r  n  l  e  y  C  ,  E  v  e  r  e  s  t  P  ,  L  i  n  t  o  n  D  ,  P  a  c  h  e  b  a  t  J  A  ,  C  o  g  a  n  T  A  ,  S  t  e  v  e  n  s  M  P  ,  W  i  l  k  i  n  s  o  n  T  S  ,  H  u  m  p  h  r  e  y  3  6  9 T black, isolates obtained via a second laboratory are coloured white. isolates were contextualised with 83 previously published genomes representing the 3 9 6
known genetic diversity in C. jejuni (total of 106 isolates). Genes present in 90% or more ampicillin was determined for isolates grouped by source (E) and motility (F). File S1: Alignment file: NCTC11168 isolates and 83 previously published genomes. 
